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SUMMARY 

The e f f e c t s  t h a t  a r t i f i c i a l  d i s s i p a t i o n  has on numer i ca l  s o l u t i o n s  o f  t h e  
t r a n s o n i c  F u l l  P o t e n t i a l  Equa t ion  (FPE)  a r e  i n v e s t i g a t e d  by comparing t h e  a r t i -  
f i c i a l l y  d i s s i p a t i v e  FPE t o  a P h y s i c a l l y  D i s s i p a t i v e  P o t e n t i a l  (PDP) e q u a t i o n .  
A n a l y t i c  exp ress ions  w e r e  d e r i v e d  f o r  t h e  v a r i a b l e s  C and Mc t h a t  a r e  used 
i n  t h e  a r t i f i c i a l  d e n s i t y  f o r m u l a t i o n .  I t  was shown t h a t  these new va lues  gen- 
e r a t e  a r t i f i c i a l  d i s s i p a t i o n  which i s  e q u i v a l e n t  t o  t h e  p h y s i c a l  d i s s i p a t i o n  
which e x i s t s  i n  the  PDP e q u a t i o n .  The new e x p r e s s i o n s  f o r  t h e  v a r i a b l e s  C 

which a r e  based e i t h e r  on t h e  a r t i f i c i a l  d e n s i t y  or on t h e  a r t i f i c i a l  v i s c o s -  
i t y  f o r m u l a t i o n .  A comparison of P h y s i c a l l y  D i s s i p a t i v e  P o t e n t i a l  ( P D P ) ,  A r t i -  
f i c i a l  D e n s i t y  or V i s c o s i t y  (ADV) ,  A r t i f i c i a l  Mass F l u x  (AMF) ,  and ADV w i t h  
v a r i a b l e  C and Mc f o r m u l a t i o n  (MCC) i s  a l s o  p r e s e n t e d .  
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w and Mc can e a s i l y  be i n c o r p o r a t e d  i n t o  t h e  e x i s t i n g  f u l l  p o t e n t i a l  codes 

INTRODUCTION 

A mathemat ica l  model for n o n d i s s i p a t i v e ,  i r r o t a t i o n a l ,  compress ib le ,  
i n v i s c i d  f l o w s  i s  known as t h e  F u l l  P o t e n t i a l  E q u a t i o n  ( F P E ) .  Numer ica l  t ech -  
n i q u e s  used f o r  i n t e g r a t i n g  t h e  FPE i n  t r a n s o n i c  shocked r e g i o n s  r e q u i r e  a d d i -  
t i o n  o f  a r t i f i c i a l  d i s s i p a t i o n  i n  an a t t e m p t  t o  s t a b i l i z e  these schemes. The 
n u m e r i c a l  d i s s i p a t i o n  must be added i n  a f u l l y  c o n s e r v a t i v e  form i f  t r a n s o n i c  
f lows w i t h  shocks a r e  t o  be computed a c c u r a t e l y .  The a r t i f i c i a l  d i s s i p a t i o n  
u s u a l l y  has t h e  form o f  a r t i f i c i a l  v i s c o s i t y  ( r e f .  l), a r t i f i c i a l  d e n s i t y  
( r e f s .  2 and 3 > ,  o r  a r t i f i c i a l  mass f l u x  ( r e f s .  4 and 5 ) .  A l t h o u g h  these 
schemes have been f a i r l y  s u c c e s s f u l ,  t h e  amount and t h e  form o f  t h e  a r t i f i c i a l  
d i s s i p a t i o n  which i s  r e q u i r e d  i n  s p e c i f i c  cases i s  u s u a l l y  de te rm ined  i n  an 
ad hoc manner ( r e f .  5 ) .  I n  t h i s  work, t h e  a r t i f i c i a l l y  d i s s i p a t i v e  FPE, t h a t  
i s ,  FPE w i t h  an A r t i f i c i a l  D e n s i t y  or V i s c o s i t y  f o r m u l a t i o n  (ADV) and t h e  FPE 
w i t h  an A r t i f i c i a l  Mass F l u x  (AMF) f o r m u l a t i o n  were compared t o  a r e c e n t l y  
d e r i v e d  P h y s i c a l l y  D i s s i p a t i v e  P o t e n t i a l  (PDP) e q u a t i o n  ( r e f .  6 ) .  From these  
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comparisons 
p h y s i c a l  or 
i n  t h e  ADV. 
f o r m u l a t i o n  

a new form of numer i ca l  d i s s i p a t i o n  has been d e r i v e d  wh ich  has 
g i n s  and an a n a l y t i c  f o r m u l a t i o n  for t h e  c o n s t a n t s  p r e s e n t l y  used 

T h i s  new f o r m u l a t i o n  i s  termed v a r i a b l e  M, and C or (MCC) 

PHYSICALLY D I S S I P A T I V E  POTENTIAL (PDP) EQUATION 

D u l i k r a v i c h  and Kennon ( r e f .  6) have d e r i v e d  a new mathemat i ca l  model 
wh ich  governs i r r o t a t i o n a l ,  n o n i s e n t r o p i c ,  v i s c o u s  flows o f  c a l o r i c a l l y  p e r f e c t  
gases w i t h o u t  body f o r c e s ,  s u r f a c e  t e n s i o n ,  r a d i a t i o n  h e a t  t r a n s f e r ,  i n t e r n a l  
h e a t  g e n e r a t i o n ,  and mass sources .  T h i s  model i n c l u d e s  t h e  p h y s i c a l  d i s s i p a -  
t i o n  due t o  c e r t a i n  e f f e c t s  o f  shear v i s c o s i t y ,  secondary v i s c o s i t y ,  and h e a t  
c o n d u c t i v i t y .  The f u l l  t h ree -d imens iona l  v e r s i o n  o f  t h e i r  P h y s i c a l l y  D i s s i p a -  
t i v e  P o t e n t i a l  (PDP) e q u a t i o n  can be expressed ( r e f .  6) i n  a c a n o n i c a l  form as 

Here, s i s  t h e  o c a l l y  s t r e a m l i n e  a l i g n e d  c o o r d i n a t e  d i r e c t i o n  and m and 
n a r e  t h e  m u t u a l l y  o r t h o g o n a l  r e m a i n i n g  c o o r d i n a t e s  o f  t h e  l o c a l l y  s t r e a m l i n e  
a l i g n e d  C a r t e s i a n  c o o r d i n a t e  system. The l e f t - h a n d  s i d e  of t h i s  e q u a t i o n  
r e p r e s e n t s  t h e  n o n d i s s i p a t i v e  FPE and t h e  r i g h t - h a n d  s i d e  r e p r e s e n t s  p h y s i c a l  
d i s s i p a t i o n .  Here,  p i s  t h e  l o c a l  f l u i d  d e n s i t y ,  Q i s  t h e  l o c a l  v e l o c i t y  
p o t e n t i a l  f u n c t i o n ,  a i s  t h e  l o c a l  i s e n t r o p i c  speed o f  sound, t i s  t h e  t i m e ,  
p i s  t h e  c o e f f i c i e n t  o f  shear v i s c o s i t y ,  x i s  t h e  c o e f f i c i e n t  of secondary 
v i s c o s i t y ,  p" i s  the c o e f f i c i e n t  o f  l o n g i t u d i n a l  v i s c o s i t y  p" = 2p + X, y 
i s  t h e  r a t i o  o f  s p e c i f i c  h e a t s ,  M i s  t h e  l o c a l  Mach number, Re i s  t h e  
Reynolds number (ref. 7 > ,  P; i s  d e f i n e d  ( r e f .  8 )  as t h e  l o n g i t u d i n a l  P r a n d t l  
number P;1 = Pr p"/p where Pr = Cpp/k i s  t h e  P r a n d t l  number and k i s  t h i  
c o e f f i c i e n t  o f  heat  c o n d u c t i v i t y .  

J 

A l l  q u a n t i t i e s  have been nond imens iona l i zed ,  t h a t  i s ,  
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where t h e  c r i t i c a l  q u a n t i t i e s  a r e  i n d i c a t e d  w i t h  t h e  s u b s c r i p t  * .  
r e s t r i c t  o u r s e l v e s  t o  t h e  s t u d y  of normal shock s t r u c t u r e ,  t h e n  t h e  nondimen- 
s i o n a l  v e r i s o n  of e q u a t i o n  ( 1 )  for steady f l o w s  i s  

I f  we 

+ g  1 + +  - - I$  - 2 Re ( 3 )  ( ) ;; x x x  a 

2 
p(1 - M NXX 

The one-dimensional  v e r s i o n  (eq.  3 )  of t h e  PDP was n u m e r i c a l l y  i n t e g r a t e d  
u s i n g  a f o u r t h - o r d e r  Runge-Kutta i n t e g r a t i o n  scheme w i t h  Ax = and sev- 
e r a l  v a l u e s  for Alp. The r e s u l t s  i n d i c a t e  ( f i g s .  1 and 2 )  t h a t  t h e  PDP can 
produce shocks of v a r i o u s  s t r e n g t h s  depending on t h e  s p e c i f i e d  v a l u e  o f  t h e  
r a t i o  Alp. S p e c i f i c a l l y ,  Stokes hypo thes i s  t h a t  X/p = - 2 / 3  l eads  t o  Rankine- 
Hugon io t  shock jumps, and X/p -2  leads t o  i s e n t r o p i c  shock jumps ( r e f .  9). 
The v a l u e s  used i n  a l l  t e s t  cases were:  P = 3/4;  y = 7 / 5 ;  Re = 105. 

ENTROPY GENERATION 

D i s s i p a t i o n  e f f e c t s  i n  a f l o w f i e l d  can be most r i g o r o u s l y  e v a l u a t e d  by 
comput ing  t h e  e n t r o p y  g e n e r a t i o n  e q u a t i o n  due t o  v i s c o s i t y  and h e a t  c o n d u c t i v -  
i t y .  I t  can be expressed as 

DS 2 
D t  pT - =  Q + k V T ( 4 )  

where Q i s  t h e  v i s c o u s  d i s s i p a t i o n  f u n c t i o n  and S i s  t h e  s p e c i f i c  e n t r o p y .  
A l l  t h e  v a r i a b l e s  were consequen t l y  no rma l i zed  w i t h  t h e i r  c r i t i c a l  v a l u e s .  
Also, )I" and X were nond imens iona l i zed  w i t h  pw, k w i t h  kw, and S 
R where t h e  speeci o f  scunci i s  aL = yRT. Ther i  3 

and t h e  nond imens iona l i zed  one-dimensional  v e r s i o n  o f  e q u a t i o n  4 becomes 

t h a t  

Then, ,he norma 

Not i c e  

zed e n t r o p y  g e n e r a t i o n  e q u a t i o n  for one-dimens,ona 
flows w i t h o u t  r a d i a t i o n  and i n t e r n a l  hea t  sources i s  

1 - 
dx pT Re 

w i t h  

( 5 )  

(6) 

( 7 )  

s teady  

(8 )  
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or f i n a l l y  

L 

N o t i c e  t h a t  S i n  t h i s  e q u a t i o n  i s  a c t u a l l y  a nond imens iona l  q u a n t i t y  S = S I R .  
Equa t ion  (9) was i n t e g r a t e d  u s i n g  f o u r t h  o r d e r  Runge-Kutta scheme and s e v e r a l  
va lues  o f  (+x>-.. and A l p ,  w h i l e  Re = 105. For comparison, t h e  e x a c t  v a l u e s  
o f  t h e  t o t a l  e n t r o p y  jump ac ross  a normal shock s a t i s f y i n g  Rankine-Hugoniot  
c o n d i t i o n s  can be found from 

where M1 i s  t h e  Mach number ahead o f  t h e  shock. Comparison o f  t h e  numer i -  
c a l l y  computed and t h e  e x a c t  va lues  o f  t h e  t o t a l  e n t r o p y  jumps a r e  v e r y  good 
( f i g s .  3 and 4 )  d e s p i t e  t h e  f a c t  t h a t  we n e g l e c t e d  t h e  i n f l u e n c e  of e n t r o p y  
change on  t h e  va lue  o f  p i n  e q u a t i o n  (8). T h i s  r e s u l t  p r o v i d e s  a d e t a i l e d  
p i c t u r e  o f  e n t r o p y  v a r i a t i o n  t h r o u g h  t h e  compression shock w i t h  a s t r o n g  maxi-  
mum i n  t h e  m i d d l e  o f  t h e  shock ( r e f .  6). 

ARTIFICIAL D E N S I T Y  OR V I S C O S I T Y  ( A D V )  FORMULATION 

The conven t iona l  f o r m u l a t i o n  f o r  a r t i f i c i a l  d e n s i t y  ( r e f .  3)  genera tes  ( i n  
t h e  one-dimensional  s teady  case) t h e  f o l l o w i n g  terms ( r e f .  5 )  

+ C[(MZ - M$[2 - (2 - y)M2] + (' a + "I(": + n(M2 - M:))(M2)n(+xx)2}= 0 

where t h e  cons tan ts  C and n, and t h e  c o n s t a n t  c u t - o f f  ( r e f .  10) Mach number, 
M c ,  a r e  t h e  i n p u t  parameters.  
i n g  va lues  of a r t i f i c i a l  d e n s i t y ,  5 ,  and a r t i f i c i a l  v i s c o s i t y ,  p, i n  t h e  
c o n v e n t i o n a l  form ( r e f .  3) o f  t h e  A r t i f i c i a l  D e n s i t y  or  V i scos i t y  ( A D V )  
f o r m u l a t i o n  

T h i s  e q u a t i o n  i s  a r e s u l t  o f  u s i n g  t h e  fol low- 

(12 )  

Bo th  C and Mc a r e  a r b i t r a r y  c o n s t a n t s  i n  t h e  c o n v e n t i o n a l  ADV f o r m u l a t i o n  
( r e f .  3 ) .  The c o e f f i c i e n t  C i s  u s u a l l y  chosen t o  be o f  t h e  o r d e r  one 
( r e f .  5 ) .  The exponent n ( r e f .  5 )  i s  u s u a l l y  z e r o  as i n  e q u a t i o n  ( 1 2 ) .  The 
c u t - o f f  Mach number M, i s  u s u a l l y  chosen ( r e f .  5 )  as h a v i n g  t h e  c o n s t a n t  
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v a l u e  between 0.8 and 1.0, a l t h o u g h  i t  shou ld  a lways be l e s s  t h a n  t h e  p o s t -  
shock Mach number. Fur thermore,  Mc does n o t  a f f e c t  t h e  t o t a l  shock jump, 
a l t h o u g h  i t  s t r o n g l y  a f f e c t s  t h e  shock t h i c k n e s s .  S ince  t h e  a r t i f i c i a l  v i s c o s -  
i t y  i s  a t r u n c a t e d  v e r s i o n  of  t h e  a r t i f i c i a l  d e n s i t y  f o r m u l a t i o n  and s i n c e  t h e  
d i r e c t i o n a l l y  b i a s e d  f l u x  f o r m u l a t i o n  ( r e f .  1 1 )  i s  e q u i v a l e n t  ( r e f .  5) t o  t h e  
ADV, o n l y  ADV w i l l  be d i scussed .  C r i t i c a l  Mach number v a r i a t i o n s  t h r o u g h  a 
normal shock r e s u l t i n g  from t h e  ADV f o r m u l a t i o n  a r e  shown i n  f i g u r e  5 .  

EFFECTS OF THE NUMERICAL D I S S I P A T I O N  

E q u a t i n g  t h e  c o e f f i c i e n t s  of l i k e  d e r i v a t i v e s  i n  e q u a t i o n s  ( 3 )  and (11 )  
produces two s imul taneous e q u a t i o n s ,  namely 

( 1 3 )  - v-l (1 - $) = Cp l ( M 2  - f()[2 - ( 2  - y)M2] + y + l  Mc 2 I 
r a 2 Re a 

and 

Re (1 + v) $ = Cp(M2 - M:) ( 14 )  

These two e q u a t i o n s  can be s o l v e d  f o r  (p " /Re)eq  and for  ( l / P F ) e q .  
i s  

The r e s u l t  

and 

Thes: e x p r e s s i o n s  p r o v i d e  p h y s i c a l l y  e q u i v a l e n t  va lues  for ( p " / R e ) e q  
( l ip,) genera ted  by t h e  c o n v e n t i o n a l  f o r m u l a t i o n s  ( r e f .  3 )  of t h e  a r t i f i c i a l  
d e n s i t y  where C and Mc a r e  k e p t  c o n s t a n t .  Thus, we c o u l d  now ana lyze  t h e  
p h y s i c a l l y  e q u i v a l e n t  d i s s i p a t i v e  f e a t u r e s  o f  t h e  ADV f o r m u l a t i o n .  
purpose,  e q u a t i o n s  (15)  and ( 1 6 )  were  s u b s t i t u t e d  i n  e q u a t i o n  ( 9 )  and i n t e g r a -  
t e d .  The r e s u l t s  i n d i c a t e  ( f i g .  6 )  t h a t  t h e  ADV f o r m u l a t i o n  generates e n t r o p y .  
Moreover ,  when e q u a t i o n  ( 1 7 )  i s  p l o t t e d  ( f i g .  7 )  f o r  t h r e e  d i f f e r e n t  c o n s t a n t  
v a l u e s  o f  Mc i t  i s  n o t i c e a b l e  t h a t  p" i s  n o t  c o n s t a n t .  S i m i l a r  r e s u l t s  

eq 
a r e  o b t a i n e d  ( f i g .  8 )  when t h e  e q u i v a l e n t  P r a n d t l  number, (P;)eq, i s  computed 
f r o m  e q u a t i o n  ( 1 6 ) .  

and 

eq 

For t h i s  
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ARTIFICIAL MASS FLUX (AMF)  FORMULATION 

I n  a d d i t i o n  t o  PDP, ADV, and MCC, i t  i s  p o s s i b l e  t o  work w i t h  an A r t i f i -  
c i a l  Mass F l u x  (AMF) d i s s i p a t i o n ,  where t h e  e n t i r e  mass f l u x  ( ~ 4 ) ~ )  i n s t e a d  of  
j u s t  p i s  d i f f e r e n t i a t e d  i n  t h e  l o c a l l y  ups t ream ( r e f s .  4 and 5)  d i r e c t i o n .  

I n  t h e  two-dimensional  case, t h e  r e s u l t i n g  a r t i f i c i a l l y  d i s s i p a t i v e  f u l l  po ten-  
t i a l  e q u a t i o n  w i l l  c o n t a i n  nonphys ica l  d i s s i p a t i o n  ( r e f .  5 ) .  

2 4)s 1 
P [ ( l  - M )4)ss  + $n"] + A 2 os,, + - 2 4) s s  4) nn 

a a 

where 

(y - 1)(4 - k) 
A = - 6 (y - 1 ) 2  where p" = (20 )  1 + 2 ( y  - 1 )  

The s w i t c h i n g  f u n c t i o n  i; and t h e  c o n s t a n t  C i n  t h e  AMF f o r m u l a t i o n  were 
e v a l u a t e d  ( r e f .  5) by e q u a t i n g  t h e  c o e f f i c i e n t s  m u l t i p l y i n g  4 ) s s s  and Qss@nn 
terms i n  t h e  f u l l  two-dimensional  AMF e q u a t i o n  and i n  t h e  PDP e q u a t i o n .  F i g -  
u r e  9 shows t h a t  AMF f o r m u l a t i o n  p r o v i d e s  o n l y  i s e n t r o p i c  shock jumps and t h a t  
i t  produces p o s i t i v e  e n t r o p y  change ac ross  a shock ( f i g .  10). 
r e q u i r e s  o n l y  t h e  Reynolds number as t h e  i n p u t  parameter .  

T h i s  f o r m u l a t i o n  

VARIABLE C AND Mc (MCC) FORMULATION 

I f  e q u a t i o n s  (13)  and (14)  a r e  s o l v e d  s i m u l t a n e o u s l y  f o r  C and Mc,  t h e  

Hence 
r e s u l t  i s  an a n a l y t i c  e x p r e s s i o n  f o r  v a r i a b l e  v a l u e s  o f  C and Mc t h a t  a r e  
c o n s i s t e n t  w i t h  t h e  p h y s i c a l  d i s s i p a t i o n  genera ted  by t h e  PDP e q u a t i o n .  

M 2 ( ( 1  + ?)[2 - ( 2  - y)M2] + (y - 1)(1 - k)} 
2 (21 )  

a 
Mc = (1 + v)[2 - ( 2  - y)M2 - q] + ( y  + 1)(1 - $i~) 

(1 + y) % a 

C =  

P M  ( - ,:)Re 
( 2 2 )  
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The new v a r i a b l e  va lues  f o r  C and M, i n  t h e  ADV f o r m u l a t i o n  a r e  a n a l y t i -  
c a l l y  d e f i n e d  so t h a t  t h e y  d u p l i c a t e  t h e  p h y s i c a l  d i s s i p a t i o n  from t h e  one- 
d imens iona l  v e r s i o n  o f  t h e  PDP equa t ion .  S u b s t i t u t i n g  e q u a t i o n s  ( 2 1 )  and (22 )  
i n  e q u a t i o n  ( 1 1 )  and u s i n g  t h e  f o u r t h  o r d e r  Runge-Kutta i n t e g r a t i o n  scheme p r o -  
duced t h e  r e s u l t s  shown i n  f i g u r e s  1 1  and 12. Thus, t h e  v a r i a b l e  Mc and C 
f o r m u l a t i o n  (MCC) i s  capab le  o f  p roduc ing  Rankine-Hugoniot  shock jumps i f  
X/p = -213 and i s e n t r o p i c  shock jumps i f  A/p z -2.  

SUMMARY 

The a r t i f i c i a l  d e n s i t y  (or v i s c o s i t y )  f o r m u l a t i o n  as used i n  t h e  e x i s t i n g  
computer codes f o r  t h e  s o l u t i o n  o f  t h e  t r a n s o n i c  f u l l  p o t e n t i a l  e q u a t i o n  u t i -  
l i z e s  c o n s t a n t ,  ad hoc va lues  fo r  the c u t - o f f  Mach number, M c ,  and a c o n s t a n t ,  
C, i n  t h e  s w i t c h i n g  f u n c t i o n  i;. A n a l y t i c  exp ress ions  fo r  b o t h  Mc and C 
were d e r i v e d  t h a t  i n t r o d u c e  the  e f f e c t s  o f  p h y s i c a l  d i s s i p a t i o n .  The e x i s t i n g  
f u l l  p o t e n t i a l  codes t h a t  use a r t i f i c i a l  d e n s i t y  f o r m u l a t i o n  can e a s i l y  accom- 
modate t h i s  v e r s a t i l e  and p h y s i c a l l y  c o n s i s t e n t  numer i ca l  d i s s i p a t i o n  by e v a l u -  
a t i n g  C and Mc a n a l y t i c a l l y  a t  e v e r y  p o i n t  i n  the  f low f i e l d .  Moreover, 
f u l l  p o t e n t i a l  codes can now be dsed f o r  comput ing f lows w i t h  b o t h  i s e n t r o p i c  
shocks and w i t h  Rankine-Hugoniot  shocks, s i n c e  va lues  o f  Re and Xlp a r e  
t h e  i n p u t  parameters .  Consequent ly,  t h e  s t r e n g t h s  and t h i c k n e s s e s  of t h e  
r e s u l t i n g  shocks and t h e  amount o f  e n t r o p y  genera ted  can be c o n t r o l l e d  w i t h  
t h e  p h y s i c a l l y  known c o e f f i c i e n t s .  

F i n a l l y ,  t a b l e  I summarizes the a n a l y t i c  forms o f  a l l  t h r e e  a r t i f i c i a l  
d i s s i p a t i o n  f o r m u l a t i o n s  (ADV, MCC, and AMF) and compares them w i t h  t h e  Phys i -  
c a l l y  D i s s i p a t i v e  P o t e n t i a l  (PDP) f low f o r m u l a t i o n .  
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TABLE I. - COMPARISON OF COEFFIC IENTS MULTIPLYING CORRESPONDING D E R I V A T I V E S  OF + I N  FOUR 

DIFFERENT PHYSICAL AND NUMERICAL D I S S I P A T I O N  MODELS USED FOR THE NUMERICAL 

INTEGRATION OF THE STEADY TWO-DIMENSIONAL FULL  POTENTIAL  EQUATION 
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6. Abstract 

The e f f e c t s  t h a t  a r t i f i c i a l  d i s s i p a t i o n  has on numer i ca l  s o l u t i o n s  o f  the  t r a n -  
s o n i c  F u l l  P o t e n t i a l  E q u a t i o n  ( F P E )  a r e  i n v e s t i g a t e d  by comparing t h e  a r t i f i -  
c i a l l y  d i s s i p a t i v e  FPE t o  a P h y s i c a l l y  D i s s i p a t i v e  P o t e n t i a l  (PDP) equa t ion .  
A n a l y t i c  exp ress ions  were d e r i v e d  f o r  the v a r i a b l e s  C and Mc t h a t  a r e  used 
i n  t h e  a r t i f i c i a l  d e n s i t y  f o r m u l a t i o n .  
a t e  a r t i f i c i a l  d i s s i p a t i o n  wh ich  i s  e q u i v a l e n t  t o  t h e  p h y s i c a l  d i s s i p a t i o n  wh ich  
e x i s t s  i n  t h e  PDP e q u a t i o n .  The new express ions  f o r  t h e  v a r i a b l e s  C and Mc 
can e a s i l y  be i n c o r p o r a t e d  i n t o  t h e  e x i s t i n g  f u l l  p o t e n t i a l  codes wh ich  a re  
based e i t h e r  on  t h e  a r t i f i c i a l  d e n s i t y  or on  t h e  a r t i f i c i a l  v i s c o s i t y  fo rmula-  
t i o n .  A comparison o f  P h y s i c a l l y  D i s s i p a t i v e  P o t e n t i a l  ( P D P ) ,  A r t i f i c i a l  D e n s i t y  
or  Viscosity ( A D V ) ,  A r t i f i c i a l  Mass F l u x  ( A M F ) ,  and ADV w i t h  v a r i a b l e  C and 
Mc f o r m u l a t i o n  (MCC) i s  a l s o  p resen ted .  

I t  was shown t h a t  these new va lues  gener-  


